INTRODUCTION
The longest continuous time series of meteorological observations in Caucasus slightly exceed a century. Those located at the high elevation are only half century long or even shorter. In order to better predict the decadal and interannual climatic variations in this region it is important to extend the time series in the past. In the areas, where the growth of annual rings in trees closely associates with some of the climatic parameters, this problem can be at least partly solved basing on the dendrochronological approach.
Tree-ring formation consists of three stages: cell division, cell enlargement and cell-wall thickening [Thomas, 1991] . Wood properties are determined over time by various factors during tracheid development. Earlywood formation depends mainly on growth reserves from the preceding growing season, while latewood formation depends on photosynthetic production and net CO 2 assimilation during the current growing season. Thus, all the seasonal and annual temperatures and precipitation may influence tree-ring development (cambial cell division, radial growth and lignification).
In this paper we report the results of the study of climatic signal in pine tree rings in Caucasus. As soon as different parameters of the annual rings often reflect different climatic forcings we analyzed the total wing width, early and late wood ring width, maximum density and stable isotopes (δ 13 С) in pine (Pinus silvestris L.) in Central Caucasus at the vicinity of the upper tree limit and report here our first results.
STUDY AREA AND STATE-OF-THE-ART
The Caucasus Mountains are located on the south of the East European Plain between the Black Sea in the west and Caspian Sea in the East. The tree-ring sites analyzed in this study are situated in the western and central part of the Greater Caucasus in Baksan and Teberda valleys at the elevation of 2200-2500 m asl.
In general, climate of the region is defined by the complex topography and prevailed westerly wind. In winter atmospheric circulation over the Greater Caucasus is dominated by extensions of the Icelandic depression from the west and the Siberian high from the east. In summer extensions of the Azores high prevail. Annual precipitation declines from over 2000 mm in the western Caucasus to less than 200 mm in the east. The western and central sectors of northern slope of the Greater Caucasus, where the study area is located, are in particular characterized by a strong convective activity in summer. Precipitation maxima occur in July-September in response to convective activity triggered by a combination of strong insolation and depressions developing on the Polar front and enhanced by the orographic uplift [Shahgedanova, 2002] .
The pine (Pinus silvestris L.) forests are broadly distributed in the region. The upper tree limit of pine rises up to 3000 m asl. Some pine trees at in the vicinity of the upper timberline exceed the age of 400-500 years. The attempts to reconstruct climatic changes in Caucasus using the width of annual rings have been undertaken repeatedly since the 1960s (see review by Solomina [1999] ). So far none of these was successful, because the ring width here is influenced by many simultaneously acting factors and the correlation between individual meteorological parameters and tree-ring width indices was found to be weak or statistically insignificant. For example Turmanina [1979] found out that the ring width of the pines growing on the southern slope of the Baksan River valley increases during the humid and warm summers and decreases during the summers with the low temperatures.
MATERIALS AND METHODS. CHRONOLOGIES.
To construct and analyze the ring width chronologies we used the standard procedures of measuring, cross-dating and indexation routinely used in tree-ring analysis [Stokes, 1968] . Two cores per tree were collected. They were sanded by progressively finer paper to obtain more contrast between ring boundaries. Then we used LINTAB ver. 3.0 system with a resolution of 0.01 mm [Rinn, 1996] and TSAP software to measure ring width and graphical presentations of the results. Some sites are located quite close to each other and represent the same climate conditions. Thus to enhance the sample depth of ring-width chronologies we have combined sites CHS and CHE into one called CHS and KHAT and KHTP into one entitled KHTP (Table 1) .
To develop maximum density chronology (MaxD) we used 46 cores of pine from two sites (KHAT and KHTP) located at the upper tree limit (2300-2400 m a.s.l.) in the valley of the Teberda River. For densitometry analyses the resins must be extracted first. The samples were treated by Soxhlet apparatus with solution of ethanol and toluene during 6 hours, then 2 hours of pure ethanol [Schweingruber, 1988] . To make wood surface flat and delete any curvature appeared due to dryness the microtome was used. After that cores were scanned by flat-bed scanner with high resolution of 1000 dpi. Scanned images were processed using commercially available software LignoVision (Rinntech) to obtain brightness profile of the reflected light images as a substitution of the regular densitometry. This routine was done in the Laboratory of Tree-Ring Research (Tucson, Arizona) in 2009. In this paper we use the term "maximum density" although X-ray densitometry wasn't applied. This approach was advocated earlier [e.g. McCarroll, Pettigrew, and Luckman, 2002].
The cross-dating procedure was validated by using COFECHA software [Holmes, 1983] and core segments with low correlation values were excluded from the analysis. Each tree-ring series contain biological trends associated with tree-age. To remove the trend and preserve variations related to climate we standardized tree-ring series to dimensionless indices using the program ARSTAN [Cook, 1985] . Tree-ring series were standardized by fitting either a negative exponential curve or line with negative slope or horizontal line to each series and ring-width indices generated by division. Resulting site chronologies were developed by averaging the indices from the each treering series by using a bi-weight robust mean [Cook, 1990] . The composite chronology was developed by the indices averaging. (Fig. 3) . The site is located in Baksan valley at the edge of the Garabashi debris flow cone. The wood that we extracted from 50 annual rings (1960-1999) contains both early and late wood portions, although due to the larger early wood rings this one dominates in the samples. We also measured separately the early and late wood ring width for the samples processed for the δ 13 С analyses.
Whole wood (i.e., earlywood and latewood) from each single tree-ring was ground using a Retsch mill (Mixer Mills, MM 200, Haan, Germany). The resulting powder was weighed (approximately 1.5 mg) in tin capsules. Tree ring isotopic ratio was determined by combustion of the samples in an elemental analyzer (Carlo Erba, model NA 1500, Milan, Italy) coupled to an isotopic ratio mass spectrometer (ISOPRIME, Isoprime Limited, Cheadle, UK). Analysis precision was greater than ±0.03‰. The results were expressed as δ respectively. An internal standard consisting of a C3 sucrose with a δ 13 C = -25.08‰ was analyzed periodically every ten samples to check the accuracy of analysis.
In order to explain the climatic forcing for different annual ring parameters (width, density and stable isotopes) we correlated these time series with the monthly temperature and precipitation measured at the nearest meteorological stations (Terskol, Severny Klukhor, Teberda).
The individual ring width samples as well as local chronologies cross-date and intercorrelate very well ( Table 2 ). This correlation allowed the construction of the composite chronology for the Elbrus area. Most of ring width chronologies do not correlate with the maximum density, which is a sign of different climatic signal embedded in the two tree ring parameters. Table 3 shows the correlation of the pine ring width of the composite Elbrus chronology and maximum density chronology with monthly temperature and precipitation. The coefficients 
RESULTS

Ring width and density
Stable isotopes
The total ring widths of three samples used for the isotope analyses cross-date well against each other and versus the composite Elbrus chronology. It means that the three selected samples represent adequately the whole regional data set. The measurements of the early and late wood ring width of these three samples show that the early and late wood ring width are very closely correlated. They also agree quite well with the total ring width (Fig. 4) .
The correlation of monthly mean temperature and precipitation of Terskol meteorological station located in the vicinity of the sampling site with the early, late and total wood ring width show that all three parameters responded similarly to the climate changes. This result is not surprising taking into consideration the similarity of the ring width curves. Namely they showed a significant negative correlation with September temperature, a negative correlation with the precipitation in April and a positive one with the precipitation in July (Fig. 5) . The composite pine chronology in this region positively correlates with June precipitation, i.e. our smaller data set generally shows a similar reaction to climate. Fig. 6 shows a very good agreement С variations in the three analyzed samples both in terms of high frequency variations and the long-term negative trend observed since 1980s (the last one except for the sample LAV 23) (see also Table 4 ).
The mean δ 13 С LAV chronology correlates positively (although weakly) with the summer temperature sensitive maximum density, and the late ring width chronologies (Table 4) .
A significant positive correlation is found for the δ 13 С chronology and November temperature (Fig. 7) . The same parameter correlates significantly with the total ring width of the regional chronology and the maximum density chronology and seems to be very important for the pine growth in these conditions. The warm November may extend the growing season and therefore stimulate more successful growth of woody plants at high elevation stands. The most prominent signal detected for the δ 13 С chronology is the negative correlation with June and July precipitation. It is well known that the pine growth in Central Caucasus is partly limited by moisture availability [Turmanina, 1979] (see Fig. 5B ).
The correlation of different chronologies (width, density, isotope composition) with the same parameters (e.g. November temperature, July precipitation) may be explained by a common signal. However our analysis shows that the three types of the chronologies that we used are significantly different: they are forced by different climatic parameters and reflect different seasonality. 2. The maximum density proved to be more clearly related to climatic parameters, namely it reflects the warm period temperature (April-October). The correlation is high enough to be used for the modeling and reconstruction of this parameter.
DISCUSSION
3. The similarity in the interannual variations of δ 13 C in annual rings between the individual samples means that they display a coherent common signal. This signal can be largely interpreted as the June and July precipitation.
